The translocation t(15;17)(q22;q21) is seen exclusively in patients with acute promyelocytic leukemia (APL) and in the promyelocytic blast crisis of chronic myeloid leukemia (CML). This translocation juxtaposes the promyelocytic leukemia (PML) gene on chromosome 15 and the retinoic acid receptor-cu (RARA) gene on chromosome 17, resulting in the formation of a chimeric mRNA transcript. We describe a patient with the microgranular variant form of APL, with no detectable cytogenetic abnormality of either chromosomes 15 or 17, who nevertheless had juxtaposition of PML and RARA genes and expressed a chimeric transcript. Conventional cytogenetics showed the karyotype 46,XY,der(3)t(3;8)[p25;q12). Fluorescent in situ hybridization (FISH) with paints for chromosomes 8, 15, and 17 confirmed the presence of structurally intact chromosomes 15 and 17 and trisomy for chromosome 8q. Nevertheless, FISH using cosmid probes for PML and RARA showed their juxtaposition on one chromosome 15 homolog. Both genes were also present on their normal homologs; in addition, part of the HE RECIPROCAL translocation t(15; 17)(q22;q21) is associated exclusively with acute promyelocytic leukemia (APL) and the promyelocytic blast crisis of chronic myeloid leukemia (CML).' With the correct culturing condition~,'.~ it is thought to be present in at least 95% of patients with APL of both conventional and variant morphologic forms (French-American-British classification, AML M3 and M~v ) .~ The breakpoints of this translocation have been ~l o n e d ,~.~ and the genes involved on both chromosomes 15 and 17 have been identified. The promyelocytic leukemia (PML) gene on chromosome 15 is approximately 50 kb in size and consists of 9 exons.7 The RNA is expressed in all fetal and adult tissues examined so far.' The protein has a zinc fingerlike region, suggesting a role as a potential transcription factor. The gene involved on chromosome 17 is retinoic acid receptor-cu (RARA), consisting of 9 exons? The protein also contains a zinc finger DNA-binding domain in addition to the RA-binding region.
The translocation t(15;17)(q22;q21) is seen exclusively in patients with acute promyelocytic leukemia (APL) and in the promyelocytic blast crisis of chronic myeloid leukemia (CML). This translocation juxtaposes the promyelocytic leukemia (PML) gene on chromosome 15 and the retinoic acid receptor-cu (RARA) gene on chromosome 17, resulting in the formation of a chimeric mRNA transcript. We describe a patient with the microgranular variant form of APL, with no detectable cytogenetic abnormality of either chromosomes 15 or 17, who nevertheless had juxtaposition of PML and RARA genes and expressed a chimeric transcript. Conventional cytogenetics showed the karyotype 46,XY,der(3)t(3;8)[p25;q12). Fluorescent in situ hybridization (FISH) with paints for chromosomes 8, 15, and 17 confirmed the presence of structurally intact chromosomes 15 and 17 and trisomy for chromosome 8q. Nevertheless, FISH using cosmid probes for PML and RARA showed their juxtaposition on one chromosome 15 homolog. Both genes were also present on their normal homologs; in addition, part of the HE RECIPROCAL translocation t(15; 17)(q22;q21) is associated exclusively with acute promyelocytic leukemia (APL) and the promyelocytic blast crisis of chronic myeloid leukemia (CML).' With the correct culturing condition~,'.~ it is thought to be present in at least 95% of patients with APL of both conventional and variant morphologic forms (French-American-British classification, AML M3 and M~v ) .~
The breakpoints of this translocation have been ~l o n e d ,~.~ and the genes involved on both chromosomes 15 We have studied a patient with APL with no abnormalities of chromosomes 15 or 17 observed by conventional cytogenetics or by chromosome painting using fluorescent in situ hybridization (FISH). We examined the cytogenetic position of the PML and RARA genes using FISH and the rearrangement of these and other genes using Southern blotting and showed the existence of a hybrid fusion product by reverse transcriptase-polymerase chain reaction (RT-PCR).
MATERIALS AND METHODS

Clinical details.
A 49-year-old man of Asian origin, with no significant previous medical history, presented in January 1992 with a 3-week history of bruising and prolonged bleeding after dental extraction. Full blood count showed: hemoglobin, 9.8 g/&; white blood cells, 22 X lo9&; platelets, 40 x lo9&; and promyelocytes, 100%. The bone marrow (BM) aspirate showed effacement by promyelocytes with bilobed nuclei and fine azurophilic granules in the cytoplasm, typical of the variant form of APL (French-AmericanBritish subtype, M3v): The immunophenotype was also typical of APL, being CD1 3' and CD33+ and both HLADR-and CD34-. He was treated with idarubicin, cytosine arabinoside, and etoposide for 5 days. Disseminated intravascular coagulation was treated with lowdose heparin and platelets. Fifteen days after completion of treatment, a leukemic infiltration of the skin was observed and a repeat BM aspirate again showed 100% promyelocytes. A second course of chemotherapy was initiated consisting of amsacrine, cytosine arabinoside, and 6-thioguanine for 5 days. He failed to respond and was administered high-dose melphalan but died 8 days later with active disease in the BM and with skin and pulmonary infiltrates.
Cytogenetics. A BM sample was cultured in RPM1 1640 supplemented with 15% fetal calf serum, antibiotics, and neparin for 24, 48, and 72 hours with the use of synchronization procedures. The cultures were terminated with colcemid (final concentration, 0.1 pg1 mL). The cells were suspended in 0.075 mol/L KC1 for 15 minutes and fixed in 3: 1 methano1:glacial acetic acid. Slides were banded by incubation in 2X SSC (1 X SSC: 0.15 molL NaCI, 0.015 molL trisodium citrate) at 60°C for 1 hour," followed by a brief rinse in trypsin (0.05% in pH 6.8 buffer) and stained with 6% Giemsa. Unused sample was stored at -20°C. In situ hybridization. Fresh slides were prepared from the stored, fixed material and allowed to dry overnight at room temperature. Hybridization was performed under standard conditions including pretreatment with RNAse, dehydration with ethanol, and denaturation in 70% formamide, 2X SSC for 3 minutes at 70°C. After dehydration through a series of ethanols on ice, the slides were w m e d to 37°C and hybridized under a coverslip either with labeled chromosome specific paints (Cambio, Cambridge, UK) or with labeled probe(s) in Hybrisol VI (Oncor, Gaithersburg, MD). The probe used for PML was a 5' cosmid' that remains on chromosome 15 even when the breakpoint is in the 5' cluster region. The probe used for RARA (Cos 121)' spans the 17-kb second intron, covering the breakpoints in all patients thus far determined. Probes were labeled with either biotin (GIBCO-BRL, Paisley, Scottland) or digoxigenin (Boehringer Mannheim, Lewes. UK) using a bio-nick kit (GIBCO-BRL) under the conditions specified. After incubation in a humid chamber overnight at 37°C. the slides were washed at appropriate stringency conditions (50% or 65% formamide, 2 x SSC) and 0.1 X to 2 x SSC at 42°C.
Fluorescent detection. Slides were rinsed in a solution of 4X SSC, 0.05% Tween 20 (SSCT) at 37°C. They were then incubated in a series of solutions at 37°C for 30 minutes in the following order, with washes between in SSCT: (1) 5% Marvel in SSCT; 
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(2) avidin-fluorescein isothiocyanate (5 pglmL in SSCT with 2% Marvel; Vector Laboratories, Peterborough, UK) for the paints or the same solution with the addition of anti-Digoxigenin mouse monoclonal antibody (0.2 pglmL; Boehringer) for the single copy probes; (3) biotinylated antiavidin (5 p g h L in SSCT with 2% Marvel; Vector) for the paints and the same solution with the addition of antimouse monoclonal-Texas Red (7.5 pg1mL; Vector) for the single copy probes; and (4) avidin-fluorescein isothiocyanate, as before. After dehydration through an ethanol series, the samples were counterstained with propidium iodide ( I pg1mL) or DAPI (0.5 pg1mL; both from Sigma, UK) as appropriate in Citifluor antifade mountant (Citifluor, Canterbury, UK). Slides were examined using a Zeiss Axioplan microscope (Carl Zeiss [Oberkochem] Ltd. Welwyn Garden City, UK), equipped with appropriate filters for fluorescence, and photographed directly, or images were collected through a Photometrics CCD camera (Photometrics, Tuscon, AZ) to a computer using Digital Scientific software (Digital Scientific, Cambridge, UK).
Southern blorting. High molecular weight DNA was extracted from a mononuclear fraction of peripheral blood at diagnosis by standard techniques and digested with the restriction enzymes, BamHI, EcoRI, Hindlll, Sac I and BgI 11. Southern blotting and probe labeling were performed as previously de~cribed.'~ Probes used in this study included, for the PML gene, a mixture of M4 and M12, which are PCR-amplified cDNAs containing the sequences between bases 49 through I17 (coding for exon 1 and 5' UTR) and 931 through 1739 (coding for exons 4 through 6) from the cDNA sequence of NB4"; for RARA, a 1.3-kb Xba I genomic fragment, containing sequences from the human homolog of mouse exon 3 that encodes the unique A region of the RARA? isoform"; for RARp (RARB), a mixture of RARB genomic sequences containing the human homolog of mouse exon 1 that encodes the unique A domain of RARB, and the human homolog of mouse exon 3 that codes for the unique A domain of RARB,"; and for c-mos a 2.5-kb human placental fragment containing the c-mos gene."
RT-PCR. RNA was extracted using the one-step guanidinium thiocyanate-phenolchloroform method." Reverse transcription was performed using 2.5 1. 18 total RNA, 1 0 0 ng oligonucleotide primer 3 from Table I and 200 U of MO-MLV reverse transcriptase (BRL), under conditions recommended by the supplier. Subsequently, one round of 35 cycles of PCR was performed using primers 1 and 2 from Table 1 . Cycling times and conditions were as previously described.m Negative controls were included at all stages, and the cell line NB4 that has the long form of PML-RARA transcript was used as a positive control. The PCR products were run on agarose gels and blotted onto filters that were examined with oligonucleotide probes for exon J Y or RARA and exons 3, 5, and 6 of P m , as listed in Table 1 .
RESULTS
Cytogenetics.
The karyotype of this patient (Fig 1) was defined as 46,XY,der(3)t(3;8)@25;q12), arising from a translocation between 3p25 and 8q12 in addition to two normal copies of chromosome 8. This results in a net gain of material from chromosome 8 (trisomy, 8q12-24) and loss of material from the tip of 3p (monosomy, 3~26). Thutytwo metaphases were examined, and no evidence for any abnormality of either chromosome 15 or 17 was observed in any cells.
Molecular cytogenetics. To confirm the cytogenetic findings, FISH was performed on slides from the same culture as the cytogenetics, with paints specific for chromosomes 8, 15, and 17 (Fig 2 A , B, and C , respectively) . The paint for chromosome 8 confirmed that the material on the terminal portion of 3p was derived from chromosome 8. Analysis with chromosome 15-specific paint showed two
For personal use only. on October 26, 2017. by guest www.bloodjournal.org From intact copies of this chromosome. The slide painted with chromosome 17-specific probes also showed two apparently normal homologs. The standard t( 15; 17) is easily detected using these paints and conditions (unpublished observations, December 1992). Because of its distinctive morphology the der(3) chromosome was easily identifiable in the metaphase spreads hybridized with other paints, which served as a marker for the clone. An example of the result of applying the PML and RARA U 1 Kb probes to metaphase spreads from this patient is shown in Fig  2D. The probes for both PML and RARA had been applied to normal male metaphase spreads to confirm that they mapped to the expected region (results not shown). Signal from the RARA probe was seen on both chromosomes 17 and on one copy of chromosome 15, with the signal coming to lie on top of one signal for PML that remains on chromosome 15 in both homologs. The probe for RARA encompasses the second intron, which is the site of translocation in most Fig 3A) ; this is probably because the probe covers only a small portion of the second intron (shown in Fig 3B) . These results show that any break in RARA must lie 5' of the Hind111 site in the second intron. Gels probed with PML showed rearranged bands with all enzyme digests (examples are shown in Fig  3A) . Because RARB has been mapped to 3p24 and c-mos has been mapped to 8ql1 close to the translocation breakpoints detected cytogenetically in this patient, we sought rearrangements of these genes by DNA blots, but none were detected (data not shown).
RT-PCR. The PCR for PML-RARA transcripts yielded three bands from this patient of 276 bp, 455 bp, and 623 bp. These were confirmed to be from PML and RARA by probing with oligonucleotide probes (Fig 4a) whose sequences are listed in Table 1 and whose position with respect to the exons of PML and RARA are shown in Fig 4b. All three bands hybridized to probes A and D from exon 3 of PML and exon IV of RAR4, respectively; two of the bands hybridized to probes B and C from exons 5 and 6 of PML, respectively, which is consistent with alternative splicing of exon 5. However, the two longer transcripts were shorter than those in the control cell line, NB4, where the breakpoint in PML is known to be in intron 6, indicating that the breakpoint in this patient lies in exon 6. The patient in lane 1 has only a short form of the transcript consistent with a break in intron 3 of PML.
DISCUSSION
The translocation t(15; 17)(q22;q21), or more specifically the fusion transcript PML-RARA, has not been reported in Table 1 , and the panel of oligonucleotide probes is also listed in Table 1 subtypes of acute myeloid leukemia other than APL and, therefore, may be used as a marker for this subtype of leukemia. In the present case, there was no cytogenetic evidence for involvement of either chromosomes 15 or 17, but there was an unusual translocation between chromosomes 3 and 8, all of which were confirmed by FISH with chromosome specific paints. FISH using cosmid probes for PML and RARA genes showed a break in the second intron of the RARA gene and an interstitial insertion of a portion of this gene juxtaposing it to the PML gene on one homolog of chromosome 15. This observation was confirmed both by Southern blotting, which showed rearrangement of the PML gene, and by RT-PCR, which showed the presence of a Therefore, this patient defines a new cytogenetic subgroup of APL. This subgroup is composed of patients who are t(l5; 17) negative but PML-RARA-positive and is analogous to the Philadelphia chromosome-negative CML patients who, nevertheless, are BCR-ABL positive." Although the molecular consequences of this cytogenetically undetectable transposition appear to be identical to those observed in regular cases with t( 15; 17)(q22;q21), the molecularmechanisms underlying these events must differ; a further chromosome break distal to RARA must have occurred to allow for the transposition. The amount of chromosome-17 material inserted into chromosome 15 in this case is presently being studied. In cases of Philadelphia chromosomenegative/BCR-ABL-positive CML, the amount of DNA transferred can be sub~tantial.~~ It is clear that, if the correct culturing conditions are used, cytogenetically detectable t(15; 17) is present in the great majority of cases of both APL and the variant form. 
